Abstract. Aiming at the problem of false segmentation caused by the change of illumination and properties of surface reflection when extracting rail surface defects, this paper proposes an adaptive background adjusting algorithm for rail surface defect image segmentation based on the background subtraction method. Firstly, a new similarity measure is proposed by combining Coefficient of Variation (CV) of the pixel gray level with the non-local normalization factor in the image. Secondly, by adjusting the size of window for neighborhood averaging adaptively according to the similarity measurement results, the background image model is established. Finally, the image subtraction operation is made and the segmentation of rail surface defect is realized by setting up dynamic threshold value for the differential image. The experimental results show that this method has a good effect on segmentation of both block and linear defects distributed discretely in the image.
Introduction
With the rapid development of railway transportation in China, the increasing traffic density and load capacity aggravate the deterioration of the rail surface. At the same time, the operating mileage is also constantly expanding, which puts forward a new problem for railway line detection of short period. Therefore, as a non-contact, high speed detection technology of rail surface defects, machine vision technology has been widely used in the detection of rail surface defects [1] . In the detection of rail surface defects, discrete defect detection [2] is the difficulty of machine vision because: (1) Discrete defects have no periodicity and texture characteristics (2) The uneven illumination and the reflection characteristic of the rail surface can result in uneven distribution of the image gray level.
In view of the above problems, this paper proposes an adaptive background adjusting algorithm for rail surface defect image segmentation. Firstly, in order to distinguish the region with different features, a new similarity measure method is proposed by using local and non-local information of image. Then the size of window for neighborhood averaging is adjusted adaptively according to the similarity measurement results, by smoothing the defect region in the rail image with larger scale, while shadow region caused by the uneven illumination with smaller scale, the background image model is established adaptively and image subtraction operation is made. Finally, the segmentation of rail surface defect is realized by setting up dynamic threshold value for the differential image.
Defect Segmentation Algorithm for Rail Surface Defects

Image Characteristics Analysis of Rail Surface Defects
A rail image with uneven gray distribution and scar defects is shown in Figure 1(a) , line A and line B are two parallel lines that are perpendicular to the direction of the rail and line B through defect area. The pixel gray distribution curve of line A and B is shown in Figure 1(b) , distribution curve of CV in line A and B is shown in Figure 1(c) . It can be seen from figure 1 that actual rail surface image contains three parts: defect area R 1 , normal rail surface area R 2 and shadow area R 3, The CV (discrete degree) of pixel gray level in defect area and boundary of shadow area is larger than that of in normal rail area. And in the boundary of shadow area, the change process of pixel gray level is relatively gentle and there is no obvious ridge line. In defect area, the gray level changes drastically. 
Description of Defect Segmentation Algorithm for Rail Surface Defects
Through the above analysis. Firstly, the rail surface region in the original image is extracted and preprocessed [3] . Secondly, by calculating the local discrete degree, defect area and boundary of shadow area can be separate from the whole image, and a new similarity measure is proposed by combining CV of the pixel gray level with the non-local normalization factor to further distinguish these two parts. Then, according to the similarity measurement results, the size of window for neighborhood averaging is adjusted adaptively and by which the background image model is established. Finally, image subtraction operation is made, and by setting up dynamic threshold value for the differential image, the segmentation of rail surface defect is realized. 1) Similarity measure combined local and non-local information a) Coefficient of Variation For any pixel i in the image, its CV of the pixel gray level in the 8 neighborhood is calculated as:
where ,
F is the set of pixels in the 8 neighborhood of pixel i, σ and
Avg F are standard deviation and gray mean value of the pixels in set , x y F respectively. By the above calculation, classification figure of CV is shown in Figure 2 .
b) Non-local normalization factor Considering that regarding Coefficient of Variation as the key feature to distinguish the different regions, only local statistics information of image are used, the boundary of shadow area and defect area still cannot be effectively distinguished. Therefore, the normalized factor in non-local mean denoising algorithm [4] is used to further distinguish these two parts, which can be calculated as:
where i and j represent any pixel in the image, Ω is the square search area that make pixel i as the center, ( , ) d i j represent Euclidean distance [5] between pixel i and j , h is smoothing parameter used to control attenuation rate of the exponential function. Due to the value of ( ) z i is a constant in a specific search area, it can be used to measure the overall similarity among pixels in the search area. And the smaller the ( ) z i is, the higher degree of similarity among pixels in the search area.
When distinguishing defect area and the boundary of shadow area in the rail image, both CV and ( ) z i play an important role. In this paper, the parameter K is introduced to adjust the weight between CV and ( ) z i , and the new similarity measure is proposed as:
where CV( ) i and ( ) z i are Coefficient of Variation of pixel i and non-local normalization factor of search area Ω respectively, and S represents the window size of search area.
2) Adaptive background modeling and image difference In order to establish accurate background image model, multi-scale processing is needed to deal with background image for region with different features. That is, smoothing defect area in the rail image with larger scale while shadow area caused by the uneven illumination with smaller scale, and maintaining normal rail surface area. Using fuzzy characteristic of mean filter, and combining the measurement of similarity in region with different features mentioned in last section, the size of neighborhood window for neighborhood averaging can be calculated as: 
where max λ and min λ represent the maximum and minimum value of ( ) n λ i in rail image. By adjusting the size of window for neighborhood averaging adaptively, background image model is established, and the difference image between original image ( , ) f x y and background image is obtained as:
(5) where mean( ) represents the mean function and mean( ( , )) f x y represents background image, In order to realize segmentation of the defect, the threshold for the difference image can be set as:
where β is control parameter， ∆ ( , ) represents binary image after threshold segmentation.
Experiment and Analysis of Parameter
In order to verify the effectiveness of the algorithm, 500 rail images of different illumination conditions are collected from test site. Among them, 400 images are free of defects, 100 images contain defects, and the total number of defects is 487. The experimental apparatus is shown in figure 3 . Performance of the algorithm can be evaluated by precision and recall rate, respectively as:
where p T , p F and n F is the number of defect images detected correctly, misclassified as defects and undetected respectively. The precision and recall rate are shown in table 1. 
Parameter Analysis
The parameter K is used to adjust the weight of Coefficient of Variation (CV) and non-local normalization factor ( ) z i . The experimental results show that if K
∈
[10 20], the defect segmentation effect is better. When setting different control parameters β , the result of the recall rate and precision rate is shown in Figure 4 . As can be seen from the figure, when β takes 2, both the recall rate and precision rate are higher. 
Experimental Results
Aiming at effects of shadow and illumination variation on segmentation, corresponding experiments are done in this paper, experimental parameter K=15, β =2. Figure 5 (a1) and (c1) are two rail defect images under different illumination conditions respectively, due to the adaptive background image model is established in this paper, the segmentation result is almost not affected by changes of light, as shown in (b1) and (d1). The segmentation results of scars and crack defects are compared by using proposed method, Background difference(BGD) [6] and OSTU [7] method respectively, some experimental results are shown in Figure 5 , (a2) and (a3)are scar and crack defects respectively, segmentation result of OSTU , BGD, proposed algorithm are shown in(b2)and(b3), (c2)and(c3), (d2)and(d3). From the experimental results can be seen, Due to OSTU method divides the image into foreground and background by calculating the optimal threshold value, the ratio of the foreground and background will quite different when the distribution of defect is sparse in the image, so it is difficult to guarantee the accuracy of the segmentation. BGD method establishes the background image model with mean of gray level in each row, some shadow regions with irregular shape in the rail image caused by uneven illumination are often misclassified as defects, and it is difficult to detect the linear defects like (a3). Compared with these two methods, the algorithm proposed in this paper has a better effect on the segmentation of the two kinds of defects, due to the algorithm establishes adaptive background image model, it has good robustness to the shadow area caused by uneven illumination.
Conclusion
In this paper, an adaptive background adjusting algorithm for rail surface defect image segmentation is proposed. Firstly, the gray features of different region in rail defect image are analyzed, and a new similarity measurement method is proposed based on the local statistical information and the non-local similarity information of the image. Secondly, neighborhood average is made by adaptively adjusting the size of neighborhood window according to the measurement results in region with different features, then the background image model is established and image subtraction operation is made. Finally, the segmentation of rail surface defect is realized by setting up dynamic threshold value for the differential image.
In this paper, we only study the segmentation method of rail surface defects, and further work, we need to design a defect classifier to classify and identify the defects.
